The dissociation constant of nitrogen fixation by Azotobacter was first estimated by Lineweaver, Burk and Deming' from their data on the influence of the pN2 on rate of fixation by this organism. These workers measured fixation in the Warburg respirometer by observing the increase in the rate of oxygen uptake with time. The initial steps of nitrogen fixation by this organism were formulated as: E + N2 z=k N2E (rapid) (1) N2E-E + P (slow)
where E = Enzyme (nitrogenase) concerned with first step of fixation, P = Products (increase in Azotobacter cells). Using the method of Lineweaver and Burk,2 they calculated a Michaelis constant (KN,) for reaction 1 of 0.21 atm. In their experiments the P02 was kept constant at 0.2 atm. and hydrogen added to bring the total pressure to one atmosphere whenever the pN2 was less than 0.8 atm. Since
Wilson and his collaborators' 3 4subsequently demonstrated that molecular hydrogen competitively inhibits both symbiotic and asymbiotic nitrogen fixation, this estimate of the KN, must be discarded.5 6 Wyss, et al.,6 have recently calculated a preliminary value for KN, based on experiments in which hydrogen was not used. The major purpose of their experiments, however, was to compare the nitrogen fixing system in Azotobacter with that in inoculated red clover plants. Consequently, they employed the same technique for preparation and handling of the gas mixtures as had been used previously in tests with the symbiotic system.
The pN2 in the mixtures was probably accurate to no more than 0.01 atm.
even at the lower partial pressures of this gas. constants were thus based on 24 d. f. so that a difference of about 8% in two means would be significant. The results in table 1 show that in two experiments a significant difference was evident; in the other, the difference was in the right direction but did not exceed experimental error.
Calculation from Formula.-If k represents the rate constant for fixation in air and k' that at some other partial pressure of nitrogen, p'N2, the following relation can be derived from equation (3): Estimation of KN2 by methods based on equations (5) and (7). (Data of microrespiration experiments. Since the scatter about the line was too small to allow plotting of individual points, only the mean values are shown in line at right; all values are plotted for line at left. The apparent worse fit of these points to the "best" line arises primarily from difference in scale.) atmospheres. A source of pure helium was used (100% according to manufacturer), and the required atmospheres prepared over mercury with a Toepler pump using pure oxygen generated from potassium chlorate. The gases were transferred to containers which had been evacuated to 10-3 mm. Hg. The Warburg flasks were evacuated to 25 mm. Hg residual pressure and pure oxygen added; this was repeated three times, then the desired gas mixture added after the fourth evacuation. Water, autoclaved just before use, served as the displacing fluid. In spite of every care, it is believed that the nitrogen content in the atmospheres supplied the azoto-2OA47 bacter was slightly higher than calculated since helium-oxygen controls showed a small but definite increase in respiration with time. There was no increase in the respiration of the hydrogen-oxygen controls in which fixation would not occur even though a small quantity of nitrogen accidentally did get into the mixture. The estimates of KN, based on the data in table 2, therefore, are probably low and should be regarded as minimum values.
One estimate of the KN, was made from these data by the method of pN2/k* = pN2 + KN2 (7) in which k* is the velocity constant relative to kmax. = N~~~~( k/ki 1) in which at a given pN2, k and ki are the rates in the absence and presence of hydrogen, respectively. Ten experiments were available which allowed test of this equation. As the error of the estimate was rather large, it was not surprising that the calculated values of KN2 fell on either side of zero. Three experiments were discarded since the estimates of KN2 were obviously too large-order of =i 0.10 atm. The mean of the remaining seven was 0.014 =~= 0.0066 atm.
Discussion.-In evaluating the estimates of KN, from the several types of experiments two sources of error must be distinguished-experimental errors in the determinations and absolute errors caused by the particular technique used. The first of these has been taken care of by the statistical treatment of the data. Six to thirty determinations were made in each trial, and several experiments were combined for the final estimate. As a result the experimental error was quite small except that based on the inhibitor experiments. Sources of possible absolute error are more difficult to recognize and eliminate. One has been discussed in the text: the variation in the pN2. A second is that the velocity constant of fixation is indirectly measured in the microrespiration experiments. Although nitrogen fixed and increase in oxygen uptake undoubtedly roughly parallel each other, assurance is lacking that the relationship remains linear as the experimental conditions change, e.g., as the pN2 is altered. In the macronitrogen experiments secondary effects arising from aging of the culture may influence the results. The fact that a constant rate is obtained when the logarithm of the nitrogen fixed is plotted against time suggests, however, that in the 24 to 36 hours required for these trials, such effects were not marked.
Consideration of all estimates of KN2 suggests 0.02 -, 0.005 atm. as the most probable value. The estimate from the most precise experiments was 0.01 atm., but there is reason to believe that this is a minimum figure. The highest estimate was 0.029 atm. Since this value is based on experiments in some of which no special care was taken to control the pN2 (variation of at least 0.01 atm.), it probably represents a maximum. The remaining three estimates are consistent with 0.02 atm. We are inclined to the view that the lower limit of the suggested value, i.e., 0.01 to 0.015 atm., is more probable than is the indicated upper limit 0.025 to 0.03 atm., since the very high values were observed only in microrespiration experiments in which the measurement of fixation is indirect. Some variation would be expected because of the different methods used. The relatively close agreement among the figures from different types of experiments and methods of estimation lends confidence to the results and to the mechanism hypothesis on which they are based. If 0.02 atm. is taken as most likely for the KN2, then KH2 becomes 0.11 =i 0.028 atm., a value in good agreement with that previously made by Wyss, et al.6 Summary.-Four methods for estimating the dissociation (Michaelis) constant of an enzyme-substrate complex are illustrated with data from experiments on nitrogen fixation by Azotobacter vinelandii. The values found for this reaction ranged from 0.01 to 0.029 atm.; based on present results, 0.02 0.005 atm. is suggested as the most probable estimate. The corresponding value for the KH,, i.e., for the dissociation constant of the enzyme-inhibitor complex, is 0.11 i 0.028 atm.
